Introduction
============

The cause of ejaculation obstruction may vary, and may be divided into congenital and acquired causes. Congenital causes include absence or atresia of vas deferens, rudimentary or absent seminal vesicles, Mullerian duct cyst or Wolffian duct cysts. Acquired causes include urinogenital infection, trauma and tumor compression ([@b1-etm-0-0-7199]). Among these causes, Mullerian duct cyst is relatively rare in the clinic. The majority of patients affected are treated due to infertility. A Mullerian cyst is the remnant from a secondary renal tube that was not completely degenerated during the process of embryonic development. Thin layer epithelium, which secretes cystic fluid, lines the Mullerian cyst ([@b2-etm-0-0-7199]). At present, affected patients are mainly treated due to prostatitis symptoms, while the inflammation symptoms, hemospermia or male infertility induced by Mullerian cyst have not received sufficient attention in the clinic.

It has been reported that transurethral ejaculatory incision was applied for the treatment of obstructive aspermia, which raised the awareness of clinicians regarding the compression of the ejaculatory duct by cysts as a type of obstructive aspermia; therefore, seminal duct obstruction became more detectable and correctable ([@b3-etm-0-0-7199]). At present, no consensus has been reached regarding the optimal treatment for Mullerian cysts with ejaculation tube obstruction. Therefore, the present study retrospectively analyzed 20 Mullerian cyst patients with obstruction-associated aspermia that were treated with transurethral resection combined with seminal vesiculoscopy ([@b4-etm-0-0-7199]). This is the first experience of treating this condition at The First Affiliated Hospital of Nanjing Medical University (Nanjing, China). The clinical efficacy and therapeutic benefits of this procedure were assessed within a follow-up period of 12 months.

Patients and methods
====================

### Patients and pre-operative examination

A total of 20 patients diagnosed with Mullerian duct cysts that received surgical treatment between March 2009 and March 2016 at the First Affiliated Hospital of Nanjing Medical University were enrolled in the present study. The number of patients enrolled was 20. All patients had experienced infertility for \>2 years following marriage. Patients were recruited if spouse-associated factors could be excluded and if no spermatozoa were detected in three consecutive semen routine examinations. Semen specimens of all patients were obtained by masturbation or sperm collector and were diagnosed as aspermia via semen analysis (including the assessment of sperm count, semen volume, sperm density, pH and fructose level). The patient age ranged from 22 to 38 years (median age, 29.5 years). None of the patients had any particular symptoms. The testicular size and genitalia were normal, and the vas deferens were palpable in all patients. The levels of sex hormones, including follicle-stimulating hormone, luteinizing hormone, testosterone, estradiol and prolactin, were within the normal ranges. Mature sperm production was confirmed in the testicles by testicular biopsy, and the presence of serious infection, pathogenic factors and abnormal test indicators was excluded. Cystoscopy with methylene blue staining and transrectal ultrasonography (TRUS) were applied to diagnose the prostatic midline cyst of eligible patients ([Fig. 1A](#f1-etm-0-0-7199){ref-type="fig"}). Magnetic resonance imaging (MRI) also revealed the Mullerian duct cyst in proximity to or deviated from the central line of the verumontanum, indicating the seminal vesicle combined with ejaculatory duct expansion ([Fig. 1B](#f1-etm-0-0-7199){ref-type="fig"}).

### Surgical procedure

All of the 20 patients were placed in the dorsal lithotomy position under general or spinal anesthesia. A plasma resectoscope of F24 (Olympus Corporation, Tokyo, Japan) was selected for performing the operation, as it causes less damage to the urethra due to being thinner than the 26F resectoscope. Using this instrument, the operator is able to resect the cyst and stop the bleeding more accurately and minimize injury to the adjoining tissues with a smaller electric cutting ring compared to that of 26F. The anatomical landmark was then clearly recognized under direct vision ([Fig. 2A](#f2-etm-0-0-7199){ref-type="fig"}). The situation of the verumontanum, external urethral sphincter and bladder neck were also carefully evaluated. Subsequently, the cyst wall was carefully resected by using thin-layer electric cutting in the vicinity of the verumontanum, and the distinct milky or yellowish-brown liquid outflow was observed ([Fig. 2B](#f2-etm-0-0-7199){ref-type="fig"}). Transurethral seminal vesiculoscopy was performed using a 7-F or 8-F rigid ureteroscope (Olympus Corporation). The ureteroscope was first inserted into the prostatic urethra for initiatory observation of the verumontanum, the anatomical landmark of which usually lies in proximity to the seminal vesicle entrance ([Fig. 2C](#f2-etm-0-0-7199){ref-type="fig"}). Under the guidance of the guidewire, the bilateral ejaculatory duct openings were identified in the prostatic utricle ([Fig. 2D](#f2-etm-0-0-7199){ref-type="fig"}). Subsequently, the ureteroscope was inserted into the ejaculatory ducts and seminal vesicles were subjected to intermittent perfusion dilatation by using 0.90% (w/v) sodium chloride (normal saline). The bilateral ejaculatory ducts and seminal vesicles were carefully observed on the endoscopic monitor. The seminal vesicles were clearly visible at this time, revealing that they contained multiple compartments with numerous folds in its wall and numerous small cavities with beams, as well as milky seminal plasma in the seminal vesicles ([Fig. 3A and B](#f3-etm-0-0-7199){ref-type="fig"}). A bloody substance was observed in those patients with hematospermia ([Fig. 3C](#f3-etm-0-0-7199){ref-type="fig"}). Furthermore, the clear region of inflammation was washed with physiological saline until the bloody liquid was rinsed away, and the seminal vesicle cavity was then washed with normal saline containing antibiotics (levofloxacin, 5 mg/ml; [Fig. 3D](#f3-etm-0-0-7199){ref-type="fig"}). If polyps were present, they were removed using a laser (VersaPulse^®^ PowerSuite^™^ 80W; Lumenis, Inc., San Jose, CA, USA) and sent for pathological examination. The ureteroscope was then removed and an F18 air sac catheter was retained. The catheter was removed at 1--2 days after the operation. After the surgery, antibiotics (levofloxacin, 5 mg/ml) were intravenously injected for 3 days to prevent infection. All patients were instructed to refrain from ejaculation for 3 weeks and were followed up at 3, 9 and 12 months following surgery by routine semen analysis for 12 months.

### Statistical analysis

Values are expressed as the mean ± standard deviation or the mean (range) and the statistical calculations were performed using SPSS software (version 13.0; SPSS, Inc., Chicago, IL, USA). Differences between two groups were compared with Student\'s t-test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Patient clinical characteristics

All of the 20 patients successfully underwent the operation combining transurethral resection and seminal vesiculoscopy without any complications including major bleeding, incontinence, epididymis or urethral rectum fistula. During the intra-operative period, the resected cysts and ejaculatory ducts were carefully identified. The duration of surgery was 19--55 min (mean, 35 min), the amount of bleeding was 5--12 ml (mean, 7 ml) and the duration of hospital stay was 3--6 days (mean, 4 days). All cases were followed up for 12 months to evaluate the efficacy of the treatment. The clinical characteristics of the patients enrolled and details regarding the surgical procedure are presented in [Table I](#tI-etm-0-0-7199){ref-type="table"}.

### Sperm quality improves following surgery

After the surgery, the follow-up examination of the semen indicated that the semen volume of the patients increased constantly, and sperms were also observed in the semen specimens. In addition, the quality of the semen markedly improved following the 3 consecutive measurements determined over 12 months. A total of 8 patients reached normal standard by the end of the follow-up. Among the 20 patients, the presence of sperm was identified in the semen of 9 cases at 3 months, in 7 patients at 9 months and the remaining 4 cases at 12 months after surgery. Furthermore, the spouses of 8 patients successfully conceived at 12--15 months after surgery. In 6 patients, the volume of the seminal vesicle glands was significantly reduced after the operation. The post-operative semen volume and the seminal plasma fructose level were significantly higher than those at the pre-operative stage (P\<0.05). A comparison of pre- and post-operative characteristics is provided in [Table II](#tII-etm-0-0-7199){ref-type="table"}.

Discussion
==========

The clinical manifestation of a Mullerian duct cyst mainly depends on the size of the cyst, concurrent infection and secondary lesions or deformity. In clinical practice, the volume of most prostatic Mullerian duct cysts is low, and patients usually do not have any complaints or experience any discomfort. Mullerian duct cyst is able to cause obstruction of the ejaculation canal, thus reducing the volume of ejaculate. In addition, patients with a less severe presentation may experience discomfort in the perineum, while severe cases may present with persistent hematospermia and infertility caused by obstructive aspermia ([@b5-etm-0-0-7199]--[@b7-etm-0-0-7199]). Therefore, the enlargement of the seminal vesicle glands may be attributed to retention of excreted semen due to the blockage.

In the present study, all patients exhibited a reduced semen volume and male infertility. TRUS is able to clearly display the cystic changes in the downstream region of the prostate. Furthermore, through the location through the urethra and ejaculatory duct, it was possible to accurately diagnose the Mullerian duct cyst. The swelling of the seminal vesicle caused by ejaculatory duct occlusion was simultaneously visualized. MRI scan may also help to diagnose Mullerian duct cyst and indicate the expansion of the ejaculatory duct and seminal vesicles ([@b8-etm-0-0-7199]--[@b10-etm-0-0-7199]). The treatment of Mullerian duct cysts is mainly determined by clinical symptoms and complications associated with it. Current therapeutic options include TRUS-guided puncture and application of sclerosing agents ([@b11-etm-0-0-7199]--[@b13-etm-0-0-7199]). The surgical treatments consist of transurethral cyst incision drainage, open cyst resection and laparoscopic cystectomy ([@b14-etm-0-0-7199]--[@b16-etm-0-0-7199]). Coppens *et al* ([@b17-etm-0-0-7199]) suggested that the treatment of Mullerian duct cysts is most suitable for symptomatic or infertile patients. A smaller cyst may be observed regularly without any additional treatment. Furthermore, for large cysts that are limited to the prostate or beyond the bladder, transurethral cyst incision is a viable surgical option. However, this method may damage the verumontanum and cause urethral stricture, resulting in acute or chronic inflammation of the vas deferens, seminal vesicle and epididymis, or even occlusion. Complete obstruction may occur after transurethral resection of ejaculatory duct in patients with oligospermia or asthenospermia.

The application of transurethral resection combined with dilation of the ejaculatory duct for the treatment of Mullerian duct cyst has been rarely described. In the present study, the combination of transurethral resection and seminal vesiculoscopy was utilized to effectively avoid the possibility of probable adverse events during surgery, including not only the obstruction of the vas deferens but also relevant complications. During the surgical procedure, the relative association between cyst and prostate requires careful evaluation. The range of resection should not exceed the seminal colliculus and attention should be paid to the depth of electric resection, as well as the landmarks of the external urethral sphincter and bladder neck. As a minimally invasive procedure performed in the urogenital tract, its application may minimize the damage to the urethra to a certain extent. However, cautious and elaborate operation is still required due to the limited space in the urethra and prostate.

In conclusion, the present study provides a rational surgical approach of transurethral resection combined with seminal vesiculoscopy for the treatment of Mullerian duct cyst. Compared with the pre-operative state, patients receiving surgery treatment obtained an improvement of semen quality. The surgical approach provided in the present study is highly efficacious in treating Mullerian duct cyst with male infertility and worth recommending in clinical practice.
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![Imaging examination of Mullerian duct cyst. (A) Transrectal ultrasonography and (B) pelvic magnetic resonance image. The asterisk (\*) indicates the cystic lesion.](etm-17-03-2194-g00){#f1-etm-0-0-7199}

![Resection of cyst and search of ejaculatory duct. (A) Cyst was visible under the resectoscope; (B) resection of the cyst through the resectoscope; (C) observation of the verumontanum; (D) identification of the ejaculatory duct openings through the guidewire.](etm-17-03-2194-g01){#f2-etm-0-0-7199}

![Observation of seminal vesicles and transurethral irrigation. (A and B) seminal vesicles contain multiple compartment with numerous folds on its wall and numerous small cavities and beams. (C and D) The seminal vesicle cavity is being cleared by flushing with normal saline containing antibiotics.](etm-17-03-2194-g02){#f3-etm-0-0-7199}

###### 

Clinical characteristics of enrolled patients (n=20) and data regarding the surgical procedure.

  Clinical characteristic                                       Value
  ------------------------------------------------------------- -------------
  Age (years)                                                   30 (22--38)
  Follow-up period (months)                                     12
  Duration of surgery (min)                                     35 (19--55)
  Bleeding^[a](#tfn2-etm-0-0-7199){ref-type="table-fn"}^ (ml)   7 (5--12)
  Duration of hospital stay (days)                              4 (3--6)

Values are expressed as the mean (range).

Quantity of bleeding that occurred during surgery.

###### 

Comparison of the pre- and post-operative semen parameters.

  Parameter                          Pre-operation   Post-operation   P-value   Normal range^[a](#tfn4-etm-0-0-7199){ref-type="table-fn"}^
  ---------------------------------- --------------- ---------------- --------- ------------------------------------------------------------
  Semen volume (ml)                  1.3±0.6         2.8±1.2          \<0.05    ≥1.5
  Sperm count                        0               41.5±1.54        \<0.05    ≥39×10^6^
  Sperm density (g/ml)               0               15.2±2.90        \<0.05    ≥15×10^6^
  Semen α-glucosidase (U/l)          13.7±5.3        30.4±6.9         \<0.05    ≥20
  Seminal plasma fructose (mmol/l)   11.5±3.2        16.2±5.4         \<0.05    ≥13

Values are expressed as the mean ± standard deviation of at least three independent experiments.

According to the fifth edition of WHO laboratory manual for the Examination and processing of human semen.
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